Introduction

The Ama
The Chinese character for female Ama means "seawoman".
The Ama have been known as female professional breath-hold divers, who collect molluscs (abalone and turbo) and seaweed along the coasts of Japan and Korea. They are equipped only with goggles, a thin cotton shirt (if any) and a tool to release the molluscs from the ocean floor. There are also male Ama, but they are mainly concerned with catching fish by hand or with spears (Nukada, 1965) . The Ama is a 2000 year old tradition, and they are believed to be descendants of a fishing population, who migrated to Japan from islands in the south-west. They used to exchange their sea products for agricultural and hunting products obtained on the main island. Molluscs and seaweeds are still very important constituents of the Japanese kitchen. The molluscs have also been used in religious rites over 1000 years (Kita, 1965) . Much interest has been focused on the Ama, especially by physiologists and sociologists (Hong and Rahn, 1967) .
Physiologists have learned much about the conditions for human breath-hold diving from previous studies of these divers (for a review, see Rahn and Yokoyama, 1965) . Our study was focused on the elderly male Ama people at a small coastal villages, Chikura, south-east of Tokyo. We tried to reveal how pronounced the diving response of the elderly, well-experienced Ama is, compared to those of other groups of divers and non-divers. We also tried to see what remains of the traditional Ama fishing today, and what kinds of physiological, sociological or economical factors are that have traditionally favoured women for this kind of hard work.
Abstract. The Ama have existed for more than 2000 years in Japan and Korea. They have been diving for seaweed and molluscs. Their traditional way of fishing, with goggles or a mask, but without a wetsuit, is still practised as a result of laws against overfishing. We investigated cardiovascular diving responses, expressed as heart rate (HR) reduction, peripheral vasoconstriction indicated by skin blood flow (SkBF) and mean arterial blood pressure (MAP) during breath-hold face immersion in a group of eight elderly male Ama at Chikura, Japan. Their data were compared to those from three other groups: a) elderly non-divers; b) young divers and c) young non-divers. Our previous studies have shown that young divers show a more pronounced bradycardia than young non-divers. The present study of elderly Ama and elderly non-divers was performed to investigate if this difference persists in old age. We found that, in spite of many years of diving experience, HR reduction of the elderly professional divers observed during face immersion did not differ from that of elderly non-divers, but it was much less pronounced than in the two younger groups. We conclude that even if a well-developed diving response at young age has been reduced to the level of non-divers, the Ama are still able to continue their work of diving in old age. Ama that has been a traditionally female occupation, is mostly practised by men at Chikura today. No young have been recruited for this profession. Therefore, the present Ama are senior and the traditional breath-hold diving will probably cease to exist in the near future. The probable reasons for these changes are discussed.
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The diving response
Like diving mammals, man has a diving response, which is defined as a reduction of the heart rate (HR), also called bradycardia, and a peripheral vasoconstriction. The latter is a constriction of the blood vessels in certain organs, leading to a redistribution of the circulating blood so that the oxygen consumption is minimized. The diving response is elicited by breath-holding with the face immersed in cold water (for a review, see Elsner and Gooden, 1983) .
The diving response of man is not as pronounced as that of diving mammals, but it is quite evident. The HR reduction is approximately 20 per cent in a young population (Schuitema and Holm, 1988) . Many factors have been shown to influence the magnitude of the diving response in man, such as temperatures of air and water, lung volume, age, training, and mental factors (Gooden, 1994; Schagatay and Holm, 1996; Song et al., 1969) .
Description of Location, the Divers and the Experimental Design
Location
Chikura is situated at the Pacific ocean on the south end of the Boso peninsula in the Chiba prefecture southeast of Tokyo. It is a small town with about 14000 inhabitants, where 2000 persons are members of the local Fishermen's association. In the year of 1991, there were 205 Ama, 78 women and 127 men. The mean age of the Ama was 61.7 (SD 6.0) for women and 52.9 (SD 8.9) years old for men. The women are mostly cachidos while most men are funados.
The divers
The cachido uses no boat but stays in the water between the dives and places the harvest in a floating container connected to the diver by a rope. The cachido work in groups and dive to a depth of about two to four meters, and they have a breath-holding time of 45-120 sec.
In general, the funado dives from a boat with the aid of a counter-weight connected to a rope, which is left at the bottom at the ascent. The funado usually rests in the boat between the dives. The senior funado (aged above 50 years old) dive to a depth of four to seven meters, and they have breath-holding times of 60-120 sec. Young funado used to dive 25 m or more, and had longer breath-holding times. A funado is either alone or may have a helper in the boat (Kita, 1965) .
At Chikura, the diving season is limited to the period from the middle of May to the beginning of September. The Ama in this area are not allowed to wear wetsuits or to use SCUBA equipment when diving. These regulations are aimed to protect the sea resources against overfishing. They wear goggles or masks, which are individually designed for the divers. There are usually rubber bulbs attached to both sides of the goggles or mask to compensate for the changes in pressure during the dive.
The experimental design
The physiological tests of the Ama were performed in a temporarily built laboratory at a culture plant owned by the Fishermen's association. The air temperature in the laboratory was approximately 26°C. Eight male Ama funados were tested. Their mean age was 54 (SD 6.4) years old, and four of them were smokers. The diving season ended two weeks before the tests. Each diver was asked to lie prone on a matress. A small container filled with cold water (approximately 15°C) was placed at the head side. The diver's head rested on a lid over the container before and between the simulated dives ( Fig.  1 ). The sensors of the instruments for the recordings of different physiological parameters were applied on the skin. The physiological parameters registered were heart rate (San-ei 2E31A), skin blood flow (ALF laser Doppler flow meter) in a finger of the right hand, and blood pressure (Finapres, Ohmeda) in a finger of the left hand.
The experiment was started by recording during a period of rest. It continued with five bouts of apneas with the face immersed in the water for as long as possible, and with 2 min of rest between each apnea. The subjects were told to prepare for and to perform their apneas in a manner similar to their ordinary dives at sea. Some divers complained about the extraordinary posture of lying prone without using their goggles or masks. The results of the experiments with the Ama were compared with those obtained from three other groups consisting of: firstly 20 elderly non-divers at Chiba City, Japan (mean age of 62, SD 10.5, years old); and secondly 8 young, well trained divers (underwater rugby players) at Lund, Sweden (mean age of 25, SD 4.5, years old) (Clair et al., 1993) and; the third group consisting of 12 young non-diving students at Lund, Sweden (mean age of 25, SD 4.8, years old). Water temperatures used in these groups were adjusted to present the same fall in temperature between air and water. Subjects of different nationalities were chosen of practical reason as we did not find any significant difference in diving response when we compared a group of young Japanese non-divers with a group of young Swedish non-divers (Holm et al., unpublished) . The mean of the last four bouts of each subject was calculated. The changes in mean blood pressure (MAP), heart rate (HR) and skin blood flow (SkBF) were expressed as the ratio in per cent between the mean value during 90-30 sec before the apnea, and the mean value of the 15 sec from the period with the minimum HR during the apnea. The protocol and experimental situation were similar for all groups, except for the group of elderly people at Chiba, where the subjects were sitting during the experiment, performing breath-holding with a chilled bag (Icenon). The Icenon covered the areas of forehead, eye and nose, which are the dominating parts of the face (the area innervated by the ophthalmic branch of the trigeminal nerve) to elicite the reduction in the heart rate (Schuitema and Holm, 1988) .
Statistics
The data were statistically compared by ANOVA for repeated measurements with Bonferroni corrections at the 5% level and the significance is indicated with an S in Fig. 2 . Unpaired t-test values with p<0.05 without corrections for multiple comparisons are defined by a * in the same figure.
Interviews
The socio-economical data were collected by interviewing the head of the Fishermen's association, and the Ama who participated in the study. We also interviewed the landlord (also an Ama) at Chikura.
Physiological Results
The results of the eight male Ama subjects were compared with those from the three other groups. The following parameters were evaluated for each group: a) mean breath-holding time; b) mean of the minimum heart rate during 15 sec; c) mean change in the mean arterial blood pressure; and d) mean change in the skin blood flow during the same 15 s period as in b) (Fig. 2) .
Breath-holding time
The Ama subjects had a longer mean breath-holding time (69.6 sec) than the old non-divers (43.6 sec, p<0.05), but it was not significantly longer than that of the young non-divers (55.8 sec). The young divers had a significantly longer breath-hold time (154.5 sec, p<0.001) than all other groups.
Heart rate (HR)
The HR response of the Ama subjects was not of a greater magnitude than that of the elderly non-divers (13.6 and 14.2% reduction, respectively). The HR reduction of the young non-divers was 20 per cent, which was significantly greater than the value of the Ama subjects (p<0.01). The young divers had a significantly greater HR reduction than all other groups (34.6%, p<0.001), almost three times the reduction of the Ama.
Mean arterial pressure (MAP)
The increase in MAP tended to differ between the groups, from 10.7% for the elderly non-divers to 19.2% for the young divers, but no statistical significance could be observed.
Skin blood flow (SkBF)
The reduction in skin blood flow of the Ama subjects (20.6%) was found to be half of that of the young divers (41.1%) and about two thirds of that of the young nondivers (28.7%). Due to the great individual variations in blood flow in the young groups, the significance was ensured only between the Ama subjects and the young divers (p<0.002).
Socio-Economical Results
The fishing economy at Chikura
During the last 14 years the amount of fish landing at Chikura has been drastically reduced; this has affected the economy of the Ama and the fishing population as a whole. The important mackerel fishing has been reduced by 90% from 1980 to 1994 (Fig. 3) (Ueki, 1996) . The price per kg has varied, but it has never increased to compensate for the great reduction in the amount of fish landing. In fact, in 1994 the price was almost the same as that of 10 years earlier. The gain from other kinds of fishing has also been much reduced (Fig. 4) . The abalones are the most valuable capture for the Ama, and the molluscs will still give them a good income. The abalones have, however, become rare and the amount collected has declined from 106 tons in 1980 to 48 tons in 1994 at Chikura (Fig. 5) .
Social changes among the Ama people
The most important factor for a fishing family is to have a boat, and a boat in this culture has always been owned and managed by the man. The boat would take him out to the open sea for fishing. While men go out fishing, the women would not stay at ashore since it is so profitable to dive in the shallow waters. They have contributed successfully to the family economy by diving for abalones, turbo shells and also edible seaweeds. They have become skilled female Ama while the men are out in the boats at sea. This tradition has now been changed at Chikura and there are more male Ama than females today (Fig. 6) . In 1995 there were 148 Ama at Chikura, 63.5% being male. The mean age was very high and no young divers were recruited. During the four years of 1992-1995 the total number of Ama was reduced by 27.8%.
As the abalones grow very slowly, they will be easily outfished. The restriction of diving to the summer period and the prohibition against wearing wetsuit and using SCUBA equipment are not sufficient to avoid overfishing. The water contamination is another problem. The Fishermen´s association at Chikura has written to the local government about better protection of the water against oil and industrial pollution. The need for limitations of wastewater outlet from houses and chemical usage in agriculture was also mentioned. The Fishermen's association at Chikura has also tested the possibility to import day-fresh abalones from Australia, but this will only offer a temporary solution. The most promising solution to increase their income is the culturing of abalones in basins or small containers on land in their own culture plant (Ueki, personal communication 1990-91) .
Discussion
Human adaptation to diving
In our experiments the diving response is defined as the effect on the cardiovascular system during apneic face immersion in cold water at rest. The experimental condition differs a lot from that during free-diving at sea mainly by lacking the exercise component. But the diving response has been reported to persist also in free-diving, working Ama, both funados and cachidos (Stanek et al., 1993) though it might be more or less counteracted by the exercise (Elsner et al., 1996) .
Our results showed that the elderly Ama have lost their pronounced response typical of young divers, as previously described in young Ama (Hong and Rahn 1967) . The response became equal in this respect to the other elderly people inexperienced in diving. Both the two elderly groups displayed a less pronounced bradycardia than the two young groups. This agedependent bradycardia has been reported earlier (Gooden, 1994) , but our result differ from that of Hong et al. (1970) , who found greater bradycardia in elderly SCUBA divers than in elderly non-divers. However, their result was based mainly on young and middle-aged subjects as only one diver was over 60 years old and there were no non-divers over 40 years old.
Though we did not find that the different experimental design for the group of elderly non-divers affected the diving response, a significantly greater response is reported at facial immersion in a prone position than with an ice mask on the face in supine position (Whayne and Killip, 1967) . Accordingly, our results of the diving response in the group of elderly nondivers obtained with an Icenon in a sitting position might be underestimated compared with the diving response in the group of elderly Ama, which were obtained at facial immersion in prone position.
The elderly Ama displayed less reduction in skin blood flow than the young divers. Senior Ama did not differ in this respect from the other senior people. These findings of an age-dependent peripheral vasoconstriction are in accordance with other data of a diminished vasoconstrictor response in forearm blood flow in senior subjects obtained during whole body cooling (Kenney and Armstrong, 1996) . The stiffness in skin vessels are mainly considered to be caused by age-dependent structural changes (Kawasaki et al., 1987; Martin et al., 1995) . The reductions in heart rate and skin blood flow were both inversely correlated with age and, for the young people, also with diving experiences. A similar correlation with the changes in the blood pressure was not found. Though there were moderate increases in the mean arterial pressure in all groups, these increases were not dependent on age or diving experience.
The Ama have become famous because of their extraordinary skill, but also because traditionally women practise this physically hard work. Physiologists have studied different parameters to reveal if there are any sexbound qualities which favour women for this kind of diving. However, the diving bradycardia and the diving time have not been found to be sex dependent (Schagatay and Holm, 1996) . The variation of diving bradycardia within each gender is greater than the difference between the sexes. The distribution of subcutaneous fat may favour women for diving in Japan and Korea as a fat layer will insulate against the cold water and thereby reduce the metabolism and the oxygen consumption (Hong and Rahn 1967) . We saw male Ama at Chikura with heavy clothes or felt jackets covering their bodies while they were resting on their boats between dives. But we also saw many well-experienced male Ama with an amount of subcutaneous fat similar to that of the women.
The specific culture of the Ama people
Since there appear to be no evident physiological differences in diving response between the sexes, the reason why females predominated in Ama in the past must have had other bases. One of these might be of a socio-economical nature. Boats had become more necessary to reach the rare abalones on the banks farther away. As the boats have been owned by men, more men have become involved in breath-hold diving, especially in times when the mackerel fishing is not very profitable. Diving is a seasonal work today and during off season male Ama are engaged in seasonal farm work, flowering and other temporary jobs, such as truck driving.
The last Ama
Young people are leaving Chikura, since there seems to be no economical future in the old-fashioned hard way of Ama fishing. The mean age of the Ama at Chikura is therefore over sixty years old in both sexes. They have gotten old and their cardiovascular system has obviously aged as well as aging city people, leading to the reduced diving response. In spite of the age-dependent reduction in diving response, the elderly Ama can still dive well enough to make a profit. Their mean breath-holding time is still as good as that of young non-divers.
There were still 148 Ama left at Chikura in 1995, of which almost two thirds were men. The reason for such a change is more understandable from a socio-economical than from a physiological point of view.
